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A state detection circuit detects a state of a battery electric core and a
state of a power supply apparatus, and generates a state signal, where the | 510
state signal 1s used to indicate the state of the battery electric core and
the state of the apparatus

A logic control circuit recerves the state signal from the state detection
circuit, and controls a switch device and a voltage boost circuit
according to the state signal, when the battery electric core 1s 1n an 520
abnormal charging state, controls the switch device to turn off a current
path of the battery electric core, and when the voltage boost circuit 18 not
required to work, controls the switch device to turn on the current path

FI1G. 5
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POWLER SUPPLY APPARATUS AND METHOD,
AND USER EQUIPMENT

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This application 1s a continuation of International Patent
Application No. PCT/CN2012/079777, filedon Aug. 7, 2012,

which 1s hereby incorporated by reference 1n their entireties.

FIELD OF THE INVENTION

The present invention relates to the field of electronics, and
in particular, to a power supply apparatus and method, and a
user equipment.

BACKGROUND OF THE INVENTION

In the design of mobile communication terminals 1n the
prior art, shutdown voltages of batteries are mostly set to a
value ranging from 3.3 V to 3.5 V. However, with the progress
ol a battery technology and application of a new material, a
working voltage of a battery can be lower. In this way, more
residual electricity exists in a low voltage range.

In order to fully utilize the capacity of a battery 1n a low
voltage range, generally, voltage boost needs to be performed
when the battery 1s at a low voltage, so as to ensure normal
work of devices 1n a circuit. At present, multiple switch
devices, for example, metal-oxide-semiconductor field-etl

ect
transistors (Metal-Oxide-Semiconductor Field-Effect Tran-
sistors, MOSFETSs), are generally required 1n a common volt-
age boost circuit to implement voltage boost and a bypass
mode when the voltage boost 1s not required. Because a
switch device has direct current impedance, large impedance
1s mtroduced nto a working path, thereby reducing overall
working efficiency of a system and deteriorating a loading,
capability of a battery.

SUMMARY OF THE INVENTION

Embodiments of the present invention provide a power
supply apparatus and method, and a user equipment, so that
additional impedance can be reduced and working efficiency
can be improved.

In a first aspect, a power supply apparatus 1s provided and
includes: a battery electric core, a switch device, a voltage
boost circuit, a state detection circuit, and a logic control
circuit, where the switch device 1s connected to a current path
of the battery electric core; the voltage boost circuit 1s con-
nected 1n parallel to the current path, and 1s configured to
boost an output voltage of the battery electric core; the state
detection circuit 1s configured to detect a state of the battery
clectric core and a state of the apparatus, and generate a state
signal, where the state signal 1s used to indicate the state of the
battery electric core and the state of the apparatus; and the
logic control circuit 1s configured to recerve the state signal
from the state detection circuit, and control the switch device
and the voltage boost circuit according to the state signal,
when the battery electric core 1s in an abnormal charging
state, control the switch device to turn off the current path, and
when the voltage boost circuit 1s not required to work, control
the switch device to turn on the current path.

In combination with the first aspect, 1n a first possible
implementation manner, the logic control circuit 1s specifi-
cally configured to, when the state signal indicates that the
battery electric core 1s in an over-voltage state or when the
state signal indicates that the battery electric core 1s in an
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over-current charging state, turn off the voltage boost circuit
and control the switch device to turn off the current path.

In combination with the first aspect, 1n a second possible
implementation manner, the logic control circuit 1s specifi-
cally configured to, when the state signal indicates that the
output voltage of the battery electric core 1s smaller than a
voltage threshold and indicates that an output voltage of the
apparatus 1s smaller than the voltage threshold, turn on the
voltage boost circuit and control the switch device to turn off
the current path.

In combination with the first aspect, in a third possible
implementation manner, the logic control circuit 1s specifi-
cally configured to, when the state signal indicates that the
output voltage of the battery electric core 1s greater than or
equal to a voltage threshold and indicates that an output
voltage of the apparatus 1s greater than or equal to the voltage
threshold, turn off the voltage boost circuit and control the
switch device to turn on the current path.

In combination with the first aspect, or the first possible
implementation manner of the first aspect, or the second
possible implementation manner of the first aspect, or the
third possible implementation manner of the first aspect, 1n a
fourth possible implementation manner, the apparatus further
includes: a driving circuit, which 1s connected to the switch
device, where the driving circuit adopts a field-effect transis-
tor push-pull structure; and the logic control circuit 1s specifi-
cally configured to control the switch device through the
driving circuit.

In combination with the first aspect, or the first possible
implementation manner of the first aspect, or the second
possible implementation manner of the first aspect, or the
third possible implementation manner of the first aspect, or
the fourth possible implementation manner of the first aspect,
in a {ifth possible implementation manner, the apparatus fur-
ther includes an 1solation charging circuit, which is connected
in parallel to the current path and the voltage boost circuit, and
configured to charge the battery electric core and 1solate the
output voltage of the battery electric core from the output
voltage of the apparatus; and the logic control circuit 1s fur-
ther configured to control the 1solation charging circuit
according to the state signal.

In combination with the fifth possible implementation
manner of the first aspect, 1n a sixth possible implementation
manner, the logic control circuit 1s specifically configured to,
when the state signal indicates that the output voltage of the
battery electric core 1s smaller than a voltage threshold and
indicates that the output voltage of the apparatus 1s greater
than or equal to the voltage threshold, turn on the 1solation
charging circuit, turn oil the voltage boost circuit, and control
the switch device to turn off the current path.

In combination with the fifth possible implementation
manner of the first aspect or the sixth possible implementa-
tion manner of the first aspect, 1n a seventh possible imple-
mentation manner, the voltage boost circuit, the state detec-
tion circuit, the logic control circuit, and the 1solation
charging circuit are integrated 1n one chip.

In combination with the first aspect, or the first possible
implementation manner of the first aspect, or the second
possible implementation manner of the first aspect, or the
third possible implementation manner of the first aspect, or
the fourth possible implementation manner of the first aspect,
or the fifth possible implementation manner of the first aspect,
or the sixth possible implementation manner of the first
aspect, or the seventh possible implementation manner of the
first aspect, 1n an eighth possible implementation manner, the
state detection circuit includes a first voltage detection circuit
and a second voltage detection circuit, where the first voltage
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detection circuit 1s configured to detect the output voltage of
the battery electric core and compare the output voltage of the
battery electric core with a voltage threshold; and the second
voltage detection circuit 1s configured to detect the output
voltage of the apparatus and compare the output voltage of the
apparatus with the voltage threshold.

In a second aspect, a user equipment 1s provided and
includes: a processor and the apparatus described 1n the first
aspect, or 1n combination with the first aspect, the first pos-
sible implementation manner of the first aspect, the second
possible implementation manner of the first aspect, the third
possible implementation manner of the first aspect, the fourth
possible implementation manner of the first aspect, the fifth
possible implementation manner of the first aspect, the sixth
possible implementation manner of the first aspect, the sev-
enth possible implementation manner of the first aspect, or
the eighth possible implementation manner of the first aspect,
where the apparatus 1s configured to supply power to the
Processor.

In a third aspect, a power supply method 1s provided and
includes: detecting, by a state detection circuit, a state of a
battery electric core and a state of a power supply apparatus,
and generating a state signal, where the state signal 1s used to
indicate the state of the battery electric core and the state of
the apparatus; and receiving, by a logic control circuit, the
state signal from the state detection circuit, and controlling a
switch device and a voltage boost circuit according to the state
signal, when the battery electric core 1s 1n an abnormal charg-
ing state, controlling the switch device to turn off a current
path of the battery electric core, and when the voltage boost
circuit 1s not required to work, controlling the switch device to
turn on the current path, where the apparatus includes the
state detection circuit, the battery electric core, the voltage
boost circuit, the switch device, and the logic control circuit,
where the switch device 1s connected 1n the current path, the
voltage boost circuit 1s connected 1n parallel to the current
path, and the voltage boost circuit 1s configured to boost an
output voltage of the battery electric core.

In combination with the third aspect, in a first possible
implementation manner, when the state signal indicates that
the battery electric core 1s 1n an over-voltage state or when the
state signal indicates that the battery electric core 1s 1n an
over-current charging state, the logic control circuit turns off
the voltage boost circuit and controls the switch device to turn
off the current path.

In combination with the third aspect, 1n a second possible
implementation manner, when the state signal indicates that
the output voltage of the battery electric core 1s greater than or
equal to a voltage threshold and indicates that an output
voltage of the apparatus 1s greater than or equal to the voltage
threshold, the logic control circuit turns off the voltage boost
circuit and controls the switch device to turn on the current
path.

In the embodiments of the present invention, when the
battery electric core 1s 1n an abnormal charging state, the logic
control circuit can control the switch device to turn off the
current path, and when the voltage boost circuit 1s not
required to work, the logic control circuit can control the
switch device to turn on the current path. Therefore, charging
protection for the battery electric core and a bypass function
for the voltage boost circuit can be implemented through
control that 1s performed on the switch device by the logic
control circuit, without through multiple switch devices.
Theretore, the number of switch devices can be reduced, so
that additional impedance can be reduced and working effi-
ciency can be improved.
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BRIEF DESCRIPTION OF THE DRAWINGS

To 1llustrate the technical solutions 1n the embodiments of
the present mvention more clearly, the accompanying draw-
ings required for describing the embodiments of the present
invention are described briefly 1n the following. Apparently,
the accompanying drawings in the following description
merely show some embodiments of the present invention, and
persons of ordinary skill in the art may also derive other
drawings from these accompanying drawings without cre-
ative efforts.

FIG. 1 1s a schematic block diagram of a power supply
apparatus according to an embodiment of the present mven-
tion;

FIG. 2 1s a schematic block diagram of a power supply
apparatus according to an embodiment of the present inven-
tion;

FIG. 3 1s a schematic block diagram of an example of a
power supply apparatus according to an embodiment of the
present invention;

FIG. 4 1s a schematic block diagram of a user equipment
according to an embodiment of the present invention;

FIG. 5 1s a schematic flowchart of a power supply method
according to an embodiment of the present invention; and

FIG. 6 1s a schematic flowchart of a process of a power
supply method according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(L]

The technical solutions 1n the embodiments of the present
invention are clearly and completely described 1n the follow-
ing with reference to the accompanying drawings in the
embodiments of the present invention. Apparently, the
embodiments to be described are merely a part rather than all
of the embodiments of the present invention. All other
embodiments obtained by persons of ordinary skill 1n the art
based on the embodiments of the present invention without
creative eflorts shall fall within the protection scope of the
present invention.

FIG. 1 1s a schematic block diagram of a power supply
apparatus according to an embodiment of the present mven-
tion.

As shown 1n FI1G. 1, an apparatus 100 may include a battery
clectric core 101, a switch device 102, a voltage boost circuit
103, a state detection circuit 104, and a logic control circuit
105.

The switch device 102 1s connected 1n a current path 106 of
the battery electric core 101. The voltage boost circuit 103 1s
connected 1n parallel to the current path 106, and 1s config-
ured to boost an output voltage of the battery electric core
101. The state detection circuit 104 1s configured to detect a
state of the battery electric core 101 and a state of the appa-
ratus 100, and generate a state signal, where the state signal 1s
used to indicate the state of the battery electric core 101 and
the state of the apparatus 100. The logic control circuit 105 1s
configured to receive the state signal from the state detection
circuit 104, and control the switch device 102 and the voltage
boost circuit 103 according to the state signal, when the
battery electric core 101 1s 1n an abnormal charging state,
control the switch device 102 to turn off the current path 106,
and when the voltage boost circuit 103 1s notrequired to work,
control the switch device 102 to turn on the current path 106.

In this embodiment of the present invention, the logic
control circuit 105 controls the switch device 102 and the
voltage boost circuit 103 according to the state signal. In one
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aspect, charging protection for the battery electric core 101
can be implemented. When the battery electric core 101 1s 1n
an abnormal charging state, the logic control circuit 105 may
control the switch device 102 to turn ol the current path 106,
so as to perform charging protection on the battery electric
core 101. In another aspect, switching between the current
path 106 where the switch device 102 1s located and the
voltage boost circuit 103 can be performed. That 1s, when the
output voltage of the battery electric core 101 needs to be
boosted, switching to the voltage boost circuit 103 may be
performed, so that an output voltage provided by the appara-
tus 100 enables a load to work normally; and when the output
voltage of the battery electric core 101 does not need to be
boosted, the switch device 102 may be controlled to turn on
the current path 106.

In the prior art, charging protection for a battery electric
core 1s implemented through one switch device 1n a charging
protection circuit, and a bypass function for a voltage boost
circuit 1s implemented through one switch device in a voltage
boost module, and a serial connection relation exists between
the charging protection circuit and the voltage boost module,
so that impedance generated by a switch device in a discharg-
ing loop 1s large, thereby lowering working efficiency.

It can be seen that, 1n this embodiment of the present
invention, protection control for the battery electric core 101
and a bypass of the voltage boost circuit when voltage boost
1s not required can be implemented through one switch
device, without requiring multiple switch devices. Therelore,
the number of switch devices 1s reduced, so that additional
impedance mtroduced by the switch devices can be reduced
and working efliciency can be improved.

In this embodiment of the present imnvention, when the
battery electric core 1s 1n an abnormal charging state, the logic
control circuit can control the switch device to turn off the
current path, and when the voltage boost circuit 1s not
required to work, the logic control circuit can control the
switch device to turn on the current path. Therefore, charging
protection for the battery electric core and a bypass function
for the voltage boost circuit can be implemented through
control that 1s performed on the switch device by the logic
control circuit, without through multiple switch devices.
Theretfore, the number of switch devices can be reduced, so
that additional impedance can be reduced and working etfi-
ciency can be improved.

In addition, because the number of switch devices can be
reduced, space ol a printed circuit board (Printed Circuit
Board, PCB) can be saved, so that costs of a device and a
single board can be lowered.

Optionally, as an embodiment, when the state signal 1ndi-
cates that the battery electric core 101 1s 1n an over-voltage
state or when the state signal indicates that the battery electric
core 101 1s 1n an over-current charging state, the logic control
circuit 105 may turn oif the voltage boost circuit 103 and
control the switch device 102 to turn ol the current path 106.
The logic control circuit 105 can implement protection for the
battery electric core 101 by turning oil the voltage boost
circuit 103 and the current path 106.

Optionally, as another embodiment, when the state signal
indicates that the output voltage of the battery electric core
101 1s smaller than a voltage threshold and indicates that the
output voltage of the apparatus 100 1s smaller than the voltage
threshold, the logic control circuit 105 may turn on the volt-
age boost circuit 103 and control the switch device 102 to turn
off the current path 106.

Optionally, as another embodiment, when the state signal
indicates that the output voltage of the battery electric core
101 1s greater than or equal to a voltage threshold and 1ndi-
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cates that the output voltage of the apparatus 100 1s greater
than or equal to the voltage threshold, the logic control circuit
105 may turn off the voltage boost circuit 103 and control the
switch device 102 to turn on the current path 106.

Optionally, as another embodiment, as shown in FIG. 2, the
apparatus 100 may further include a driving circuit 109. The
driving circuit 109 may be connected to the switch device
102. The driving circuit 109 may adopt a field-effect transis-
tor push-pull structure. The logic control circuit 105 controls
the switch device 102 through the driving circuit 109. In this
embodiment of the present imvention, because the driving
circuit adopts the field-effect transistor push-pull structure,
the driving circuit has a high response speed and a strong
driving capability.

Optionally, as another embodiment, as shown in FIG. 2, the
apparatus 100 may further include an 1solation charging cir-
cuit 107. The 1solation charging circuit 107 may be connected
in parallel to the current path 106 and the voltage boost circuit
103, and 1s configured to charge the battery electric core 101
and 1solate the output voltage of the battery electric core 101
from the output voltage of the apparatus 100. The logic con-
trol circuit 105 may further control the 1solation charging
circuit 107 according to the state signal.

Optionally, as another embodiment, when the state signal
indicates that the output voltage of the battery electric core
101 1s smaller than a voltage threshold and indicates that the
output voltage of the apparatus 100 1s greater than or equal to
the voltage threshold, the logic control circuit 105 may turn
on the 1solation charging circuit 107, turn off the voltage
boost circuit 103, and control the switch device 102 to turn ot
the current path 106. The battery electric core 101 may be
charged by turning on the isolation charging circuit 107. In
addition, Because the 1solation charging circuit 107 has an
1solation function and the output voltage of the battery elec-
tric core 101 1s smaller than the output voltage of the appa-
ratus 100, in a process of charging the battery electric core
101, i1t can be ensured that the output voltage of the apparatus
100 1s not pulled down by the output voltage of the battery
electric core 101, so that normal work of the load of the
apparatus 100 can be ensured.

Optionally, as another embodiment, the voltage boost cir-
cuit 103, the state detection circuit 104, the logic control
circuit 105, and the 1solation charging circuit 107 may be
integrated 1n one chip. In addition, the voltage boost circuit
103, the state detection circuit 104, the logic control circuit
105, and the 1solation charging circuit 107 may also not be
integrated 1n one chip, which 1s not limited 1n this embodi-
ment of the present invention.

Optionally, as another embodiment, the state detection cir-
cuit 104 may include a first voltage detection circuit 110 and
a second voltage detection circuit 111.

The first voltage detection circuit 110 may be configured to
detect the output voltage of the battery electric core 101 and
compare the output voltage of the battery electric core 101
with a voltage threshold.

The second voltage detection circuit 111 may be config-
ured to detect the output voltage of the apparatus 100 and
compare the output voltage of the apparatus 100 with the
voltage threshold.

Optionally, as another embodiment, the switch device 102
may include an MOSFET and a parasitic diode that 1s con-
nected 1n parallel to the MOSFET.

Optionally, as another embodiment, as shown 1n FIG. 2, the
apparatus 100 may further include an electricity meter 108,
configured to detect the amount of electricity of the battery
electric core 101.




US 9,104,212 B2

7

Optionally, as another embodiment, the electricity meter
108, the voltage boost circuit 103, the state detection circuit
104, and the logic control circuit 105 may be integrated in one
chip.

In addition, the electricity meter 108, the voltage boost
circuit 103, the state detection circuit 104, the logic control
circuit 105, and the 1solation charging circuit 107 may also be
integrated 1n one chip, which 1s not limited 1n this embodi-
ment of the present invention.

In this embodiment of the present invention, when the
battery electric core 1s 1n an abnormal charging state, the logic
control circuit can control the switch device to turn off the
current path, and when the voltage boost circuit 1s not
required to work, the logic control circuit can control the
switch device to turn on the current path. Therefore, charging
protection for the battery electric core and a bypass function
for the voltage boost circuit can be implemented through
control that 1s performed on the switch device by the logic
control circuit, without through multiple switch devices.
Theretore, the number of switch devices can be reduced, so
that additional impedance can be reduced and working effi-
ciency can be improved.

In addition, because the number of switch devices can be
reduced, space of a PCB can be saved, so that costs of a device
and a single board can be lowered.

The embodiment of the present invention 1s described in
detail 1n the following with reference to specific examples. It
should be noted that the examples are used only to help
persons skilled 1n the art have a better understanding of the
embodiment of the present invention rather than to limit the
scope of the embodiment of the present invention.

FIG. 3 1s a schematic block diagram of an example of a
power supply apparatus according to an embodiment of the
present invention.

As shown i FIG. 3, an apparatus 100q¢ may include a
battery electric core 101a, a switch device 102qa, a voltage
boost circuit 103a, a state detection circuit 104a, a logic
control circuit 105q, an 1solation charging circuit 107a, a
driving circuit 1094, and a driving circuit 113.

It should be noted that, 1n FIG. 3, the voltage boost circuit
1034, the state detection circuit 104a, the logic control circuit
10354, the 1solation charging circuit 107a, the driving circuit
109a, and the driving circuit 113 may be integrated 1n a chip
112. However, 1n this embodiment of the present imnvention,
the voltage boost circuit 103a, the state detection circuit 104a,
the logic control circuit 1034, the 1solation charging circuit
107a, the driving circuit 109q, and the driving circuit 113 may
also not be integrated in one chip, which 1s not limited in this
embodiment of the present invention.

The switch device 102a 1s connected 1n a current path 1064
of the battery electric core 101a. The switch device 102a may
include Q1 and D1, where Q1 may be an MOSFET, and D1
may be a parasitic diode.

Both the voltage boost circuit 103a and the 1solation charg-
ing circuit 107a may be connected in parallel to the current
path 106a. The voltage boost circuit 103a may be configured
to boost an output voltage of the battery electric core 101a.
The 1solation charging circuit 107a may be configured to
charge the battery electric core 101a and 1solate a voltage at
an output end VIN of the battery electric core 101a from a
voltage at an output end VO of the apparatus 100a.

The state detection circuit 104da may be configured to
detect a state of the battery electric core 101a and a state of the
apparatus 100a. The state detection circuit 104a may include
a first voltage detection circuit 110a, a second voltage detec-
tion circuit 111a, and a third detection circuit 115. For
example, as shown in FI1G. 3, the first voltage detection circuit
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110a may detect the voltage at the output end VIN of the
battery electric core 101a and compare the voltage at the
output end VIN with a voltage threshold. The second voltage
detection circuit 111a may detect the voltage at the output end
VO of the apparatus 100a and compare the voltage at the
output end VO with the voltage threshold. The third detection
circuit 115 may detect an end VDD of a resistor R1 and an end
VM of a resistor R2. The third detection circuit 115 may
turther generate a state signal according to a detection result
of the third detection circuit 115, a detection result of the first
voltage detection circuit 110a, and a detection result of the
second voltage detection circuit 111q, and send the state
signal to the logic control circuit 105a.

The logic control circuit 1054 may recerve the state signal
from the state detection circuit 104a and may control the
switch device 1024, the voltage boost circuit 103a, and the
1solation charging circuit 107a according to the state signal.
When the battery electric core 1014 1s 1n an abnormal charg-
ing state, the logic control circuit 105a may control the switch
device 102a to turn off the current path 1064, so as to perform
charging protection on the battery electric core 101a. When
the voltage boost circuit 103a 1s not required to work, the
logic control circuit 1054 may control the switch device 102qa
to turn on the current path 106a, so as to bypass the voltage
boost circuit 103a.

For example, as shown 1n FIG. 3, according to the state
signal, the logic control circuit 1054 may generate a first
control signal CO1 to control the switch device 1024 through
the driving circuit 109, may generate a second control signal
CO2 to control the voltage boost circuit 103a, and may gen-
erate a third control signal CO3 to control the 1solation charg-
ing circuit 107a.

Optionally, when the state signal indicates that the battery
clectric core 1014 1s 1n an over-voltage state or when the state
signal 1indicates that the battery electric core 101a 1s 1n an
over-current charging state, the logic control circuit 1054 may
generate a first control signal CO1 to control the switch
device 102q to turn off the current path 106a, and generate a
second control signal CO2 to turn off the voltage boost circuit
1034, and may further generate a third control signal CO3 to
turn off the 1solation charging circuit 107a. In this way, the
protection for the battery electric core 101a can be imple-
mented by turning oif each current path.

Optionally, when the state signal indicates that the voltage
at the output end VIN of the battery electric core 101a 1s
smaller than a voltage threshold and indicates that the voltage
at the output end VO of the apparatus 100q 1s smaller than the
voltage threshold, the logic control circuit 105a may generate
a {irst control signal CO1 to control the switch device 102q to
turn oif the current path 106a, and generate a second control
signal CO2 to turn on the voltage boost circuit 1034, and may
turther generate a third control signal CO3 to turn off the
1solation charging circuit 107a.

The voltage threshold may be preset according to a factor
such as performance of the battery electric core, which 1s not
limited 1n this embodiment of the present invention. For
example, for a battery electric core of a mobile communica-
tion terminal, a voltage threshold may be set to a value rang-
ing from3.3V 10335V

When the voltage at the output end VIN of the battery
clectric core 101a 1s smaller than the voltage threshold and
the voltage at the output end VO of the apparatus 100a 1s
smaller than the voltage threshold, 1t may indicate that the
battery electric core 101a 1s 1n a low voltage range. When the
battery electric core 101a 1s 1n the low voltage range, 1t may
cause that the voltage at the output end VO of the apparatus
1004 1s reduced. In order to ensure normal work of a load, the
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voltage at the output end VIN of the battery electric core 1014
may be boosted by turning on the voltage boost circuit 103a.

Optionally, when the state signal indicates that the voltage
at the output end VIN of the battery electric core 101a 1s
greater than or equal to a voltage threshold and indicates that
the voltage at the output end VO of the apparatus 100a 1s
greater than or equal to the voltage threshold, the logic control
circuit 105aq may generate a first control signal CO1 to control
the switch device 102a to turn on the current path 1064, and
generate a second control signal CO2 to turn off the voltage
boost circuit 103a, and in addition, may further generate a
third control signal CO3 to turn off the i1solation charging
circuit 107a.

When the voltage at the output end VIN of the battery
clectric core 101a 1s greater than or equal to the voltage
threshold and the voltage at the output end VO of the appa-
ratus 100q 1s greater than or equal to the voltage threshold, 1t
may indicate that the battery electric core 101qa 1s 1n a high
voltage range. When the battery electric core 101q 1s in the
high voltage range, the voltage at the output end VO of the
apparatus 100aq can ensure normal work of a load without
boosting the output voltage of the battery electric core 101a.
Therefore, the current path 106a may be turned on and the
voltage boost circuit 103a may be turned off.

Optionally, when the state signal indicates that the voltage
at the output end VIN of the battery electric core 101a 1s
smaller than a voltage threshold and indicates that the voltage
at the output end VO of the apparatus 100a 1s greater than or
equal to the voltage threshold, the logic control circuit 105a
may generate a third control signal CO3 to turn on the 1sola-
tion charging circuit 107a, generate a first control signal CO1
to control the switch device 102a to turn oif the current path
106a, and generate a second control signal CO2 to turn oif the
voltage boost circuit 103a.

Because the 1solation charging circuit 107a has an 1solation
function and the output voltage of the battery electric core
101a 1s smaller than the output voltage of the apparatus 1004,
in a process of charging the battery electric core 1014, it can
be ensured that the output voltage of the apparatus 100q 1s not
pulled down by the output voltage of the battery electric core

101a, so that normal work of the load of the apparatus 100qa
can be ensured.
An example of a logic truth table of a logic control module

150 1s shown 1n Table 1.

TABL

(L.

1

L.ogic truth table of logic control module 150

State Signal Control Signal
STAL STA? STA3 COl1 CO?2 CO3
1 1 0 1 0 0
0 0 0 0 1 0
0 1 0 0 0 1
X X 1 0 0 0
H X 0 0 0 0

In Table 1, a state signal may include a first state signal
STA1, a second state signal STA2, and a third state signal
STA3.

When STA1 1s “17, it may indicate that the output voltage
of the battery electric core 101a 1s greater than or equal to a
voltage threshold, when STA1 1s “0”, it may indicate that the
output voltage of the battery electric core 101a 1s smaller than
the voltage threshold, when STA1 1s “X”, 1t may indicate that
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a control signal 1s 1rrelevant with STA1, and when STAI1 1s
“H”, 1t may 1ndicate that the battery electric core 101a 1s 1n an
over-voltage state.

When STA2 1s “17, 1t may indicate that the output voltage
of the apparatus 100q 1s greater than or equal to the voltage
threshold, when STA2 1s 07, 1t may indicate that the output
voltage of the apparatus 100a 1s smaller than the voltage
threshold, and when STA2 1s “X”, 1t may indicate that a
control signal 1s 1rrelevant with STA2.

When STA3 1s “17, it may 1ndicate that the battery electric
core 101a 1s 1n an over-current charging state, and when STA3
1s 17, 1t may indicate that the battery electric core 1014 1s 1n
a normal charging current state.

When CO1 1s “17, it may indicate that the current path 1064
1s turned on, and when the CO1 1s “0”, it may indicate that the
current path 106a 1s turned off.

When CO2 15 “17, it may indicate that the voltage boost
circuit 103a 1s turned on, and when CO2 1s “07, 1t may
indicate that the voltage boost circuit 103a 1s turned off.

When CO3 1s “17, 1t may indicate that the 1solation charg-
ing circuit 107q 1s turned on, and when CO3 1s “0”, 1t may
indicate that the 1solation charging circuit 107a 1s turned oif.

In addition, the apparatus 100a may further include a
switch device 114. The switch device 114 may include Q2
and D2, where Q2 may be an MOSFFET, and D2 may be a
parasitic diode.

The logic control circuit 1054 may further control the
switch device 114 to perform discharging protection on the
battery electric core 101a.

For example, as shown in FIG. 3, the logic control circuit
105a may further generate a fourth control signal CO4 to
control the switch device 114 through the driving circuit 113.

In this embodiment of the present mvention, when the
battery electric core 1s 1n an abnormal charging state, the logic
control circuit can control the switch device to turn off the
current path, and when the voltage boost circuit 1s not
required to work, the logic control circuit can control the
switch device to turn on the current path. Theretfore, charging
protection for the battery electric core and a bypass function
for the voltage boost circuit can be implemented through
control that 1s performed on the switch device by the logic
control circuit, without through multiple switch devices.
Therefore, the number of switch devices can be reduced, so
that additional impedance can be reduced and working etfi-
ciency can be improved.

In addition, because the number of switch devices can be
reduced, space of a PCB can be saved, so that costs of adevice
and a single board can be lowered.

FIG. 4 1s a schematic block diagram of a user equipment
according to an embodiment of the present invention. The
user equipment (User Equipment, UE) 400 shown in FIG. 4
includes a processor 410 and an apparatus 100.

The apparatus 100 supplies power to the processor 410.
The apparatus 100 may include a battery electric core 101,
a switch device 102, a voltage boost circuit 103, a state detec-
tion circuit 104, and a logic control circuit 105. The switch
device 102 1s connected 1n a current path 106 of the battery
clectric core 101. The voltage boost circuit 103 1s connected
in parallel to the current path 106, and 1s configured to boost
an output voltage of the battery electric core 101. The state
detection circuit 104 1s configured to detect a state of the
battery electric core 101 and a state of the apparatus 100, and
generate a state signal, where the state signal 1s used to indi-
cate the state of the battery electric core 101 and the state of
the apparatus 100. The logic control circuit 105 1s configured
to recerve the state signal from the state detection circuit 104,

and control the switch device 102 and the voltage boost cir-
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cuit 103 according to the state signal, when the battery elec-
tric core 101 1s 1n an abnormal charging state, control the
switch device 102 to turn off the current path 106, and when
the voltage boost circuit 103 1s not required to work, control
the switch device 102 to turn on the current path 106. d

Reference may be made to processes of the embodiments
shown 1n FIG. 1 to FIG. 3 for other functions and operations
ol the apparatus 100, which are not described herein again 1n
order to avoid repetition.

It should be understood that, 1n this embodiment of the
present invention, the UE, also referred to as a mobile termi-
nal (Mobile Terminal, MT) or a mobile user equipment, may
be a mobile terminal, for example, a mobile phone (or
referred to as a “cellular” phone) and a computer that has a
mobile terminal, for example, may be a portable, pocket, or
handheld mobile device, or a mobile device built 1n a com-
puter or mounted in a vehicle, which 1s not limited 1n this
embodiment of the present invention.

In this embodiment of the present invention, when the »q
battery electric core 1s 1n an abnormal charging state, the logic
control circuit can control the switch device to turn oif the
current path, and when the voltage boost circuit 1s not
required to work, the logic control circuit can control the
switch device to turn on the current path. Therefore, charging 25
protection for the battery electric core and a bypass function
for the voltage boost circuit can be implemented through
control that 1s performed on the switch device by the logic
control circuit, without through multiple switch devices.
Theretore, the number of switch devices can be reduced, so
that additional impedance can be reduced and working etfi-
ciency can be improved.

In addition, because the number of switch devices can be
reduced, space of a PCB can be saved, so that a cost of the UE
can be lowered.

FI1G. 5 15 a schematic flowchart of a power supply method
according to an embodiment of the present invention.

510: A state detection circuit detects a state of a battery
clectric core and a state of a power supply apparatus, and 4
generates a state signal, where the state signal 1s used to
indicate the state of the battery electric core and the state of
the apparatus.

520: A logic control circuit receives the state signal from
the state detection circuit, and controls a switch device and a 45
voltage boost circuit according to the state signal, when the
battery electric core 1s 1n an abnormal charging state, controls
the switch device to turn off a current path of the battery
clectric core, and when the voltage boost circuit 1s not
required to work, controls the switch device to turn on the 50
current path.

The apparatus includes the state detection circuit, the bat-
tery electric core, the voltage boost circuit, the switch device,
and the logic control circuit. The switch device 1s connected
in the current path. The voltage boost circuit 1s connected 1n 55
parallel to the current path. The voltage boost circuit 1s con-
figured to boost an output voltage of the battery electric core.

In this embodiment of the present ivention, when the
battery electric core 1s 1n an abnormal charging state, the logic
control circuit can control the switch device to turn off the 60
current path, and when the voltage boost circuit 1s not
required to work, the logic control circuit can control the
switch device to turn on the current path. Therefore, charging
protection for the battery electric core and a bypass function
for the voltage boost circuit can be implemented through 65
control that 1s performed on the switch device by the logic
control circuit, without through multiple switch devices.
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Therefore, the number of switch devices can be reduced, so
that additional impedance can be reduced and working effi-
ciency can be improved.

In addition, because the number of switch devices can be
reduced, space of a PCB can be saved, so that costs of adevice
and a single board can be lowered.

Optionally, as an embodiment, when the state signal 1ndi-
cates that the battery electric core 1s 1n an over-voltage state or
when the state signal indicates that the battery electric core 1s
in an over-current charging state, the logic control circuit may
turn oif the voltage boost circuit and control the switch device
to turn ofl the current path.

Optionally, as another embodiment, when the state signal
indicates that the output voltage of the battery electric core 1s
greater than or equal to a voltage threshold and indicates that
an output voltage of the apparatus 1s greater than or equal to
the voltage threshold, the logic control circuit may turn off the
voltage boost circuit and control the switch device to turn on
the current path.

Optionally, as another embodiment, when the state signal
indicates that the output voltage of the battery electric core 1s
smaller than a voltage threshold and indicates that the output
voltage of the apparatus 1s smaller than the voltage threshold,
the logic control circuit may turn on the voltage boost circuit
and control the switch device to turn off the current path.

Optionally, as another embodiment, when the state signal
indicates that the output voltage of the battery electric core 1s
smaller than a voltage threshold and indicates that the output
voltage of the apparatus 1s greater than or equal to the voltage
threshold, the logic control circuit may turn on an 1solation
charging circuit, turn ofl the voltage boost circuit, and control
the switch device to turn oif the current path, where the
1solation charging circuit 1s configured to charge the battery
clectric core and 1solate the output voltage of the battery
clectric core from the output voltage of the apparatus.

Optionally, as another embodiment, an example of a logic
truth table of a logic control module 1s shown 1n Table 1.

FIG. 6 1s a schematic flowchart of a process of a power
supply method according to an embodiment of the present
ivention.

601: An apparatus 1s 11 an 1nitial state.

602: Acquire an output voltage of a battery electric core.

For example, a first voltage detection circuit may detect the
output voltage of the battery electric core.

603: Acquire an output voltage of the apparatus.

For example, a second voltage detection circuit may detect
the output voltage of the apparatus.

604: Acquire a charging current of the battery electric core.

605: Determine whether the charging current acquired in

step 604 1s smaller than an allowed maximum charging cur-
rent.

If the charging current 1s smaller than the allowed maxi-
mum charging current, 1t may indicate that the battery electric
core 1s 1n a normal charging state, and then proceed to step
606.

If the charging current 1s greater than or equal to the
allowed maximum charging current, it may indicate that the
battery electric core 1s 1n an abnormal charging state, and then
proceed to step 608.

In step 608, a switch device, a voltage boost circuit, and an
1solation charging circuit may be turned off, so as to protect
the battery electric core.

606: If the charging current 1s smaller than the allowed
maximum charging current, determine whether the output
voltage of the battery electric core 1s greater than a low volt-

age threshold.
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If the output voltage of the battery electric core 1s greater
than the low voltage threshold, 1t may indicate that the battery
clectric core 1s 1n a normal voltage state, and then proceed to
step 607.

If the output voltage of the battery electric core 1s smaller
than or equal to the low voltage threshold, 1t may indicate that
the battery electric core 1s 1n a low voltage state, and then
proceed to step 610.

607: If the output voltage of the battery electric core 1s
greater than the low voltage threshold, determine whether the
output voltage of the battery electric core 1s smaller than an
over-voltage threshold.

If the output voltage of the battery electric core 1s greater
than or equal to the over-voltage threshold, 1t may indicate
that the battery electric core 1s 1n an over-voltage state, and
then proceed to step 608, where the switch device, the voltage
boost circuit, and the 1solation charging circuit are turned off,
so as to protect the battery electric core.

If the output voltage of the battery electric core 1s smaller
than the over-voltage threshold, proceed to step 609.

In step 609, because the battery electric core 1s in a normal
charging/discharging state, that is, the battery electric core 1s
in a normal voltage state and the output voltage of the battery
electric core does not need to be boosted, a current path where
the switch device 1s located may be turned on by turning on
the switch device, and the voltage boost circuit and the 1so-
lation charging circuit may be turned off, so as to bypass the
voltage boost circuit.

610: If the output voltage of the battery electric core 1s
smaller than or equal to the low voltage threshold, determine
whether the output voltage of the apparatus 1s greater than a
charging judgment threshold.

If the output voltage of the battery electric core 1s smaller
than or equal to the low voltage threshold and the output
voltage of the apparatus 1s greater than the charging judgment
threshold, proceed to step 611.

In step 611, the battery electric core needs to enter and
remain 1n a low voltage charging state, the switch device and
the voltage boost circuit are turned off, and the 1solation
charging circuit 1s turned on.

If the output voltage of the battery electric core 1s smaller
than or equal to the low voltage threshold and the output
voltage of the apparatus 1s smaller than or equal to the charg-
ing judgment threshold, proceed to step 612.

In step 612, the battery electric core 1s 1n a low voltage
discharging state; and 1n order to ensure that the output volt-
age of the apparatus can enable a load to work normally, the
output voltage of the battery electric core needs to be boosted,
and then the voltage boost circuit may be turned on and the
switch device and the 1solation charging circuit may be turned
off.

In this embodiment of the present imnvention, when the
battery electric core 1s 1n an abnormal charging state, the logic
control circuit can control the switch device to turn off the
current path, and when the voltage boost circuit 1s not
required to work, the logic control circuit can control the
switch device to turn on the current path. Therefore, charging
protection for the battery electric core and a bypass function
for the voltage boost circuit can be implemented through
control that 1s performed on the switch device by the logic
control circuit, without through multiple switch devices.
Theretore, the number of switch devices can be reduced, so
that additional impedance can be reduced and working effi-
ciency can be improved.

Persons of ordinary skill 1n the art should be aware that, in
combination with the examples described in the embodi-
ments disclosed 1n this specification, units and algorithm
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steps can be implemented by electronic hardware, or a com-
bination of computer soiftware and electronic hardware.
Whether the functions are executed by hardware or software
depends on particular applications and design constraint con-
ditions of the technical solutions. Persons skilled 1n the art
may use different methods to implement the described func-
tions for each particular application, but it should not be
considered that the implementation goes beyond the scope of
the present invention.

It may be clearly understood by persons skilled in the art
that, for the purpose of convenient and brief description, for a
detailed working process of the foregoing system, apparatus
and unit, reference may be made to the corresponding process
in the method embodiments, which 1s not described herein
again.

In the embodiments provided in the present application, it
should be understood that the disclosed system, apparatus,
and method may be mmplemented 1n other manners. For
example, the described apparatus embodiments are merely
exemplary. For example, the unit division 1s merely logical
function division and may be other division in actual imple-
mentation. For example, multiple units or components may
be combined or integrated into another system, or some fea-
tures may be i1gnored or not performed. In addition, the dis-
played or discussed mutual couplings or direct couplings or
communication connections are implemented through some
interfaces. The indirect couplings or communication connec-
tions between the apparatuses or units may be implemented in
electronic, mechanical, or other forms.

The units described as separate parts may or may not be
physically separate, and parts displayed as units may or may
not be physical units, may be located 1n one position, or may
be distributed on multiple network units. A part or all of the
units may be selected according to an actual need to achieve
the objectives of the solutions in the embodiments.

In addition, functional units 1n the embodiments of the
present invention may be integrated into one processing unit,
or each of the units may exist alone physically, or two or more
units are integrated into one unit.

When the functions are implemented 1n the form of a
soltware functional unit and sold or used as a separate prod-
uct, the functions may be stored 1n a computer-readable stor-
age medium. Based on such an understanding, the technical
solutions of the present invention essentially, or the part con-
tributing to the prior art, or part of the technical solutions may
be implemented in the form of a software product. The com-
puter soltware product 1s stored 1n a storage medium, and
includes several instructions for instructing a computer
device (which may be a personal computer, a server, a net-
work device, and the like) to execute all or part of the steps of
the method described in the embodiment of the present inven-
tion. The storage medium includes: any medium that can
store program codes, such as a USB flash disk, a removable
hard disk, a read-only memory (ROM, Read-Only Memory),
a random access memory (RAM, Random Access Memory),
a magnetic disk, or an optical disk.

The foregoing descriptions are merely specific embodi-
ments of the present invention, but are not intended to limit
the protection scope of the present invention. Any variation or
replacement readily figured out by persons skilled 1n the art

within the technical scope disclosed in the present invention
shall all fall within the protection scope of the present inven-
tion. Therefore, the protection scope of the present invention
shall be subject to the protection scope of the claims.
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What 1s claimed 1s:

1. A power supply apparatus, comprising;:

a battery electric core, a switch device, a voltage boost
circuit, a state detection circuit, and a logic control cir-
cuit, wherein:
the switch device 1s connected 1n a current path of the

battery electric core;
the voltage boost circuit 1s connected 1n parallel to the
current path, and 1s configured to boost an output
voltage of the battery electric core;
the state detection circuit 1s configured to:
detect a state of the battery electric core and a state of
the apparatus, and
generate a state signal, wherein the state signal 1s used
to 1ndicate the state of the battery electric core and
the state of the apparatus; and
the logic control circuit 1s configured to:
recerve the state signal from the state detection circuit,
and
control the switch device and the voltage boost circuit
according to the state signal, such that:
when the battery electric core 1s 1n an abnormal
charging state, control the switch device to turn
off the current path, and
when the voltage boost circuit 1s not required to
work, control the switch device to turn on the
current path.

2. The apparatus according to claim 1, wherein the logic
control circuit 1s configured to, when the state signal indicates
that the battery electric core 1s 1n an over-voltage state or
when the state signal indicates that the battery electric core 1s
in an over-current charging state, turn off the voltage boost
circuit and control the switch device to turn off the current
path.

3. The apparatus according to claim 1, wherein the logic
control circuit 1s configured to, when the state signal indicates
that the output voltage of the battery electric core 1s smaller
than a voltage threshold and indicates that an output voltage
of the apparatus 1s smaller than the voltage threshold, turn on
the voltage boost circuit and control the switch device to turn
off the current path.

4. The apparatus according to claim 1, wherein the logic
control circuit 1s configured to, when the state signal indicates
that the output voltage of the battery electric core 1s greater
than or equal to a voltage threshold and indicates that an
output voltage of the apparatus 1s greater than or equal to the
voltage threshold, turn off the voltage boost circuit and con-
trol the switch device to turn on the current path.

5. The apparatus according to claim 1, further comprising:

a driving circuit, connected to the switch device, wherein
the driving circuit adopts a field-etlect transistor push-
pull structure, and wherein

the logic control circuit 1s specifically configured to control
the switch device through the driving circuit.

6. The apparatus according to claim 1, further comprising
an 1solation charging circuit connected in parallel to the cur-
rent path and the voltage boost circuit, and wherein the 1so-
lation charging circuit 1s configured to charge the battery
clectric core and 1solate the output voltage of the battery
clectric core from the output voltage of the apparatus, and

wherein the logic control circuit 1s further configured to
control the 1solation charging circuit according to the
state signal.

7. The apparatus according to claim 6, wherein the logic
control circuit 1s configured to, when the state signal indicates
that the output voltage of the battery electric core 1s smaller
than a voltage threshold and indicates that the output voltage
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of the apparatus 1s greater than or equal to the voltage thresh-
old, turn on the 1solation charging circuit, turn oif the voltage
boost circuit, and control the switch device to turn off the
current path.

8. The apparatus according to claim 6, wherein the voltage
boost circuit, the state detection circuit, the logic control
circuit, and the 1solation charging circuit are integrated 1n one
chip.

9. The apparatus according to claim 1, wherein the state
detection circuit comprises a lirst voltage detection circuit
and a second voltage detection circuit,

wherein the first voltage detection circuit 1s configured to

detect the output voltage of the battery electric core and
compare the output voltage of the battery electric core
with a voltage threshold; and

the second voltage detection circuit 1s configured to detect

the output voltage of the apparatus and compare the

output voltage of the apparatus with the voltage thresh-
old.
10. A user equipment, comprising:
a processor; and
the power supply apparatus according to claim 1,
wherein the apparatus 1s configured to supply power to the
ProCessor.
11. A power supply method, comprising:
detecting, by a state detection circuit, a state of a battery
clectric core and a state of a power supply apparatus, and
generating a state signal based on the detecting, wherein
the state signal indicates the state of the battery electric
core and the state of the apparatus; and
receving, by a logic control circuit, the state signal from
the state detection circuit, and controlling a switch
device and a voltage boost circuit according to the state
signal, such that:
when the battery electric core 1s 1n an abnormal charging
state, controlling the switch device to turn off a cur-
rent path of the battery electric core, and
when the voltage boost circuit 1s not required to work,
controlling the switch device to turn on the current
path,
wherein the apparatus comprises the state detection circuit,
the battery electric core, the voltage boost circuit, the
switch device, and the logic control circuit, and
wherein the switch device 1s connected in the current path,
the voltage boost circuit 1s connected 1n parallel to the
current path, and the voltage boost circuit 1s configured
to boost an output voltage of the battery electric core.
12. The method according to claim 11, wherein when the
battery electric core 1s 1n an abnormal charging state, the
controlling the switch device to turn off the current path of the
battery electric core comprises:
when the state signal indicates that the battery electric core
1S 1n an over-voltage state, turning off, by the logic
control circuit, the voltage boost circuit, and controlling,
the switch device to turn off the current path; and
when the state signal indicates that the battery electric core
1s 1n an over-current charging state, turning off, by the
logic control circuit, the voltage boost circuit, and con-
trolling the switch device to turn off the current path.
13. The method according to claim 11, wherein when the
voltage boost circuit 1s not required to work, the controlling
the switch device to turn on the current path comprises:
when the state signal indicates that the output voltage of the
battery electric core 1s greater than or equal to a voltage
threshold and indicates that an output voltage of the
apparatus 1s greater than or equal to the voltage thresh-
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old, turning ofif, by the logic control circuit, the voltage
boost circuit, and controlling the switch device to turn on
the current path.

14. The method according to claim 11, further comprising:

when the state signal indicates that the output voltage of the
battery electric core 1s smaller than a voltage threshold
and 1ndicates that an output voltage of the apparatus 1s
smaller than the voltage threshold, turning on, by the
logic control circuit, the voltage boost circuit, and con-
trolling the switch device to turn off the current path.

15. The method according to claim 11, further comprising:

when the state signal indicates that the output voltage of the
battery electric core 1s smaller than a voltage threshold
and indicates that the output voltage of the apparatus 1s
greater than or equal to the voltage threshold, turning on,
by the logic control circuit, an 1solation charging circuit,
turning off the voltage boost circuit, and controlling the
switch device to turn off the current path, wherein the
isolation charging circuit 1s configured to charge the
battery electric core and 1solate the output voltage of the
battery electric core from the output voltage of the appa-
ratus.

16. The method according to claim 11, wherein a logic

truth table of the logic control circuit 1s:

State Signal Control Signal
STA1L STA2 STA3 COl1 CO?2 CO3
1 1 0 1 0 0
0 0 0 0 1 0
0 1 0 0 0 1
X X 1 0 0 0
H X 0 0 0 0
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wherein when STA1 1s “17, 1t indicates that the output

voltage of the battery electric core 1s greater than or
equal to a voltage threshold, when STA1 1s “0”, 1t 1nd1-
cates that the output voltage o the battery electric core 1s
smaller than the voltage threshold, when STA1 1s “X”, 1t
indicates that a control signal 1s 1rrelevant with STAI,
and when STA1 1s “H”, 1t indicates that the battery
clectric core 1s 1n an over-voltage state;

when STA2 15 “17, 1t indicates that the output voltage of the
apparatus 1s greater than or equal to the voltage thresh-
old, when STA2 1s “0”, it may indicate that the output
voltage of the apparatus 1s smaller than the voltage
threshold, and when STA2 1s “X”, 1t indicates that a

control signal 1s 1rrelevant with STA2;

when STA3 1s “17, 1t indicates that the battery electric core
1s 11 an over-current charging state, and when STA3 1s
“17”, 1t indicates that the battery electric core 1s 1n a
normal charging current state;

when CO1 1s “17, 1t indicates that the switch device 1s
controlled to turn on the current path, and when CO1 1s
“0”, 1t indicates that the switch device 1s controlled to

turn oif the current path;

when CO2 15 “17, 1t indicates that the voltage boost circuit
1s turned on, and when CO2 1s “0”, 1t indicates that the

voltage boost circuit 1s turned oif; and

when CO3 1s “17, 1t indicates that the isolation charging

circuit 1s turned on, and when CO3 1s “0”, 1t indicates
that the 1solation charging circuit 1s turned off.
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